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Introduction
The IAU-1976 System of astronomical constants includes 3 astronomical units:

The astronomical unit of time, i.e. the day (D),
• is related to the SI second by a defining number (D =86400 s), 
• its role is to provide a unit of time of "convenient" size for astronomy, as is the 
Julian century of 36 525 days,
• the "day" appears in the SI Brochure (Table 6), along with the minute and the hour, 
as one of the "Non-SI units accepted for use with the International System of Units“.

The astronomical unit of length, ua, and the mass of the Sun, MSun,,
• are specific astronomical units for expressing distances and masses in the solar 
system,
• the best estimated values in SI of these astronomical units have been regularly 
improved in the successive lists of numerical standards (c.f. Standish 1995, 2004),
• although these two astronomical units are still acknowledged as being appropriate 
for expressing distances and masses in the solar system, the current definition and 
use of the ua lead to some ambiguities and difficulties. 

The current definition of the astronomical unit of lenght (ua)

Definition of the ua in the IAU-1976 System of astronomical constants
The astronomical unit of length is that length (A) for which the Gaussian gravitational constant (k) takes 
the value of 0.017 202 098 95 when the units of measurements are the astronomical unit of length, 
mass and time. The dimensions of  k2 are those of the constant of gravitation (G), i.e., L3M-1T-2. The term 
"unit distance" is also for the length A.

Definition of the of the ua in the SI brochure (intended to non-astronomers)
The astronomical unit is approximately equal to the mean Earth-Sun distance. It is the radius of an 

unperturbed circular Newtonian orbit about the Sun of a particle having infinitesimal mass, moving with a 
mean motion of 0.017 202 098 95 radians per day (known as the Gaussian constant).

The current definition of the ua is complicated and obscure for non-experts, 
and very difficult to teach to students

The IAU-1976 gravitational constant constant related to the mass of the Sun

• The IAU 1976 heliocentric gravitational constant, GMSun, is a "derived constant“, which can be 
expressed as: GMSun = (ua)3 k2 D-2, 

� the SI value of GMSun is derived from the SI values for the ua and the day. 

• The estimation of the mass of the Sun in kg has to be derived from the SI values of       
(1) GMSun and (2) the gravitational constant G (current relative uncertainty~ 1x10-4). 

• The mass of the Sun in kg is provided in the numerical standards in astronomy, but is not provided in 
the SI brochure.
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Changes in the status of the ua and GMS since the adoption of the IAU-1976 System

The context of the recent IAU Resolutions on reference systems

The celestial reference systems have been defined in a GR framework (IAU Resolutions 1991: GR 
framework; IAU 2000: GCRS, BCRS, re-defintion of TT, IAU 2006: re-definition of TDB).

The context of the modern observations in the solar system

High accuracy observations are mainly based on range and Doppler measurements, especially for 
terrestrial bodies (Moon, Mercury, Venus, Mars, …).

The context of the recent ephemerides

According to recent publications:
- the GMi of the planets are actually estimated in SI (TDB-compatible) in the JPL ephemerides

(Folkner et al. 2008), 
- GMSun will be estimated in future version of the INPOP ephemerides (Fienga et al. 2008). 

The status of the ua and GMS should be reformed to be more in agreement with the 
modern context.

Discussion: interpretation based on recent ephemerides publications

For the terrestrial bodies, for which there are very precise range and Doppler measurements, GMSun
can be estimated with a very high precision,

- this defines the scale for the distances in the solar system with high precision

For the planets, for which observations are mainly angular measurements (Jupiter, Saturn, etc.),

- the relative distances of the planets are determined as with old observations,

- the scale in SI of the global solution is provided by the GMSun value determined by the terrestrial
bodies (heigh weight) � distances in SI.

If very precise angular measurements of the planets expressed in an unit linked to GMSun are available,

- the relative distances can be determined with very high precision,

� the (absolute) distances in SI may be different, but are with the same ratio.

Suggested reform in the status of the astronomical units
Several options can be considered in the GR context (Guinot 1995, Capitaine & Guinot 1995, Klioner
2007).

There are two possibilities in the Newtonian context (compatible with GR):
- GMSun fixed and ua estimated in SI,
- GMSun estimated in SI and ua fixed in SI.

Estimating GMSun is the option that has the most physical meaning since it does not 
suppose that the mass of the Sun is constant.

Conclusion
• A re-definition of the ua is necessary in the modern context in order to make the system of 
astronomical constants best compliant with modern dynamical astronomy.

• The ua should be re-defined as an astronomical unit of length defined trough a fixed relation to the SI 
meter by a defining number. 

• From the point of view of the principles, the important point is the change of status for the astronomical 
unit of length (and not the value of  its defining number). 

• This would mean: 
- dropping the k constant (and implicitly GMSun=constant), and abandoning the experimental 
determination of the ua in SI unit,
- determining experimentally GMSun, which would not be considered any more as being a "constant“,
- limiting the role of the ua to that of a unit of length of "convenient" size for solar system 
applications.

• Such a change of status of the ua would:
- be a great simplification for the users of the astronomical constants (i.e. the ua
would have a fixed numerical value in meters), 
- let appear directly the possible variation of the mass of the Sun, and/or of G.

References

Capitaine, N., Guinot, B., 1995, "Astronomical units and constants in a relativistic framework", Highlights of Astronomy, Vol 10, International Astronomical Union, 1994, I. Appenzeller (ed.), 201
Guinot, B., 1995, "Le système international d'unités (SI) et les unités astronomiques ", Proceedings of the Journées 1994 « Systèmes de référence spatio-temporels », N. Capitaine (ed.)
Fienga, A., Manche, H., Laskar, J., Gastineau, M., 2008, "INPOP06: a new numerical planetary ephemeris", A&A 477, 315
Folkner, W.M., Williams, J.G., Boggs, D.H., 2008, Memorandum IOM 343R-08-003, Jet Propulsion Laboratory
Klioner, S., 2007, "Relativistic scaling of astronomical quantities and the system of astronomical units", A&A 478, 951
McCarthy, D. D. and Petit, G. (eds.), 2003, IERS Conventions, IERS Technical Note 32
Standish, E.M., 1995, "Report of the IAU WGAS Sub-group on Numerical Standards," Highlights of Astronomy, Vol. 12, International Astronomical Union, 1994, Appenzeller, I. (ed.), 180
Standish, E.M., 2004, "The Astronomical Unit now", in  Transits of Venus, New views of the Solar System and Galaxy, Proceedings of the IAU Colloquium 196, D. W. Kurtz ed., 163

1st system of fundamental astronomical constants 
(Conférence internationale des étoiles fondamentales, Paris, 1896)

The IAU 1976 System of astronomical constants

The IERS Conventions 2003

Aim of this presentation : to discuss the status of the astronomical unit of length and mass within the modern context

The role of the of the astronomical unit of length (ua) : simplified outline

For historical reasons, the ua is defined by the value of the Gaussian gravitational constant k (with 
k2=G), called a “defining constant”, and the 3d Kepler’s law (n2a3=GMS for a planet of negligible mass).

Official situation (IAU-1976)
- GMSun is fixed by convention,
- for a fictitious planet with an infinitesimal mass, n =n0 by convention,                  a0= ua
- for any planet, n is measured in SI    � a in ua.

The precision of the time measurements is reported into the relative distances.

There is no special link to the SI.

Current practical situation
- for any planet, n is measured in SI
- ua is measured in SI  GMSun is estimated

- the ua appears in the current version of the SI Brochure (Table 7) as being one of the "Non-SI units 
whose values in SI units must be obtained experimentally”.


